A preliminary assessment of incidental potable water reuse (IPR) in the Llobregat River basin has been conducted by estimating the dilution factor of treated effluent discharges upstream of six river flow measurement sections. IPR in the Llobregat River basin is an everyday occurrence, because of the systematic discharge of treated effluents upstream of river sections used as drinking water sources.
INTRODUCTION
Incidental water reuse has been taking place in our rivers and streams since historical times. Wastewater with different degrees of treatment, ranging from basic treatment up to advanced biological and physico-chemical treatments, are commonly disposed into rivers from where, after mixing and dilution, they are abstracted downstream to serve as a water source for drinking water production. During recent decades, this process has intensified due to population growth in urban areas close to river beds, particularly in basins with semi-arid climatic conditions. In spite of the widespread and traditional occurrence of this phenomenon, urban dwellers are generally unaware of this natural process and tend to perceive river water sources as of pristine quality, rarely associating water abstraction points for urban drinking water production with river stretches of inadequate aesthetic, biological and chemical quality.
Indirect potable water reuse projects, like the one in Orange County Water District (Dahl ) have made evident the critical importance of public perception and acceptance on the ultimate success of those initiatives. To achieve public acceptance of reclaimed water, particularly for potable reuse, it has become necessary to present to users the basic concepts involved in providing drinking water as well as the safe practices used for wastewater collection, treatment and disposal. To secure public acceptance of indirect and direct potable water reuse, it has become essential to ensure that the public has a clear and accurate perception of the treatment processes that our conventional drinking water sources undergo, before drinking water runs out of our taps. The expression 'living downstream' (Macpherson & Snyder ) has been used to convey to the public the notion that the water most of us drink has been incidentally used by others living in upstream locations. Once those concepts are understood and perceived as a common reference condition, the purification capacity of the proposed water reclamation schemes does fit into place, and the public may be able to assess their ability to produce water of equal or better quality than that derived from conventional sources (Cotruvo ) .
Recent drought episodes, like the one currently affecting
California and the one occurring in Texas until some months ago, have considerably raised the interest in conveying to the public a clearly articulated and properly described reality of the water cycle. Emphasis has been made on the need to use proper and consistent terminology, so as to prevent confusion and rejection (Macpherson ) . The water recovery system used at the International Space Station has been used as an ultimate example of water reuse, where astronauts' perspiration and urine are endlessly collected, purified and reused, illustrating the ability of current technological solutions to provide potable water under the most challenging conditions. Education and outreach programmes like those applied in Windhoek, Namibia, since direct potable reuse was started in 1968 (www.wingoc.com.na/index.html An evaluation of the spatial and temporal variation of de facto wastewater reuse affecting drinking water systems across the USA has been recently published (Rice & Wes- terhoff ). The study covers 2,056 surface water intakes associated with 1,210 drinking water facilities, each serving more than 10,000 people, covering approximately 82% of the nation's population. Authors observed a high frequency of de facto reuse, with 50% of the drinking water facilities being potentially impacted by upstream treated effluent discharges. The magnitude of de facto reuse was relatively low (50% of water abstractions containing less than 1% treated municipal effluent) under average stream flow conditions, but increased greatly under low stream flow conditions.
OBJECTIVES
The main objective of this paper is to conduct a preliminary assessment of the degree of IPR that is taking place in the Llobregat River basin, one of the main sources for surface water supply in Catalonia, northeast Spain. The assessment has been based on the information available for surface water flows and treated effluent discharges during one dry year (2007), a partially dry year (2008) and a normal wet year (2013) in the region. The results and conclusions of this preliminary assessment should help in raising awareness among water users in the region about the origin of the water they are currently drinking, and most importantly, in providing them with a solid reference for evaluating innovative water resources management strategies that could be proposed, involving indirect or even direct potable water reuse.
MATERIALS AND METHODS
The initial information needed for this assessment was collected and evaluated in a master's thesis presented by one of the authors (Lobato ) . A more detailed assessment has been conducted based on subsequent data provided by the Catalan Water Agency (CWA).
The Llobregat River is one of the main water courses in Catalonia. It has a length of 160 km, a basin surface area of 5,000 km 2 , and its downstream stretches serve as water supply source for more than 45% of approximately four million people living in the Barcelona Metropolitan Area Despí DWTP has to treat source water with a significantly higher content of treated effluent than that used by the Abrera DWTP. The basic numerical indicator used in this preliminary assessment of IPR has been the 'dilution factor', representing the fraction of treated effluent present in the stream water flowing through a given flow measurement section.
The 'dilution factor' reached a flow measurement section is calculated by dividing the treated effluent discharged in the river stretch immediately upstream of that flow measuring section by the total stream water flow recorded at that flow measuring section. Figure 2 summarizes the numerical expression used to estimate the 'dilution factor' and the basic probability model used to estimate the occurrence of incidental water reuse taking place when water is abstracted downstream of a given flow measurement section.
The extraordinary hydraulic complexity of the Llobregat River basin makes it necessary to recognize a series of approximations when evaluating the likelihood of the IPR that is taking place, using the simplified numerical model proposed in Figure 1 and the treated effluent and stream water flows available. Those approximations have to be highlighted, so readers can assess the actual limitations that such an evaluation inevitably faces, as well as the influence that they may have on the precision of the conclusions reached. Among the more significant approximations, the following have to be mentioned. (1) Additional approximations that have to be recognized when using this simplified numerical model are as follows.
(3) Only urban treated effluent discharges were considered, raising the need for other wastewater discharges (both urban and agricultural runoff) to be included in future refinements of this assessment. (4) River water extractions for drinking water supplies were considered equal to drinking water flows actually supplied, even if this assumption may not be totally realistic in practice, as local groundwater sources are commonly used to supplement river water abstractions for water supply. That degree of incidental reuse would start at one (x ¼ 1)
after the first flow measurement section and increase accordingly after each subsequent section. Assuming complete mixing is reached by the time stream water overflows the first measurement section, where a dilution factor 'α 1 ' has been reached, the discrete probability that downstream water users are consuming water that contains treated effluent discharged upstream can be estimated by the expression P(x ≠ 0) 1 ¼ α 1 ; consequently, the probability that water abstracted from a point downstream of such a measurement section, before it reaches the subsequent measurement section, is free from
The same logic can be applied to calculate the probability that water abstracted after the second flow measurement section has been previously used. Now, there are three possible outcomes: (1) water is free from treated effluent, (2) water contains treated effluent disposed either before the first or the second measurement section, and (3) water contains treated effluent that has been used twice, while flowing through the two previous stretches. 
Similarly, the values for water abstracted downstream of the second section are calculated by estimating first the probability of the absence of treated effluent (P (x ¼ 0) 2 ¼
(1 -α 1 ) (1 -α 2 )) and then the probability of the presence of treated effluent (P (x ≠ 0) 2 ¼ 1 -P (x ¼ 0) 2 ), regardless of how many times it has been used (one or two at that point). The probability expressions for other conditional outcomes (from 1 to 6) of the number of reuse episodes, applicable to water abstractions downstream of a measurement section, can be calculated by adding the conditional probability of the outcome combination considered. Table 3 
directly into the Llobregat River stretch and those of the Anoia River itself; to complete that estimation, stream water flows abstracted at the Abrera DWTP were subtracted from the previous calculation. Table 7 summarizes the conditional probability that water abstracted from a given river stretch is either free from or contains treated effluent discharged at any of the upstream stretches. The values in Table 7 have been calculated using the formulas of Table 2 and the dilution values of Tables 4-6. The likelihood that water abstracted from the river contains treated effluent increases significantly as the river flows downstream and particularly at the water abstraction points of the Abrera DWTP and the Sant Joan Despí DWTP. That likelihood ranges from 13% (2007) to Year 2007 Year 2008 Year 2013 Section number the same as the one previously adopted for evaluating annual average flows. Figure 6 illustrates the monthly Table 7 , as corresponds to the continued wet weather period that followed. because of the systematic discharge of treated effluents made by urban areas upstream of others that use the river as a water source for drinking water production. In this manner, IPR is occurring in urban centres along the river, even if public perception and regulatory requirements rarely make any explicit indication of this condition, and limit their water resources management references to 'surface water' or 'river water'. It has to be highlighted that water agencies and drinking water production utilities have strived for decades to implement the necessary treatment processes and operating strategies to ensure that drinking water produced from those river sources do satisfy applicable quality requirements and provide the highest public health protection possible.
The degree of IPR that takes place in the Llobregat River basin is mainly dependent on river water flows, which in A recognition that, under the levels of IPR taking place, drinking water production by local water companies has consistently and reliably satisfied the water quality requirements specified by public health authorities should greatly help the public at large, as well as regulatory agencies, and water management agencies in understanding and accepting the ability and reliability of advanced treatment processes to produce reclaimed water, even when directly processing treated effluents, with equal or higher levels of microbiological and physico-chemical quality than those currently produced by drinking water treatment processes using the convenience that wastewater treatment facilities intensify their treatment performance (benefiting from a more efficient removal of concentrated flows), so as to ensure that water discharged into rivers has a quality closer to that of the water previously abstracted. By doing so, the river would maintain a higher quality level and drinking water treatment facilities would have to provide much simpler, efficient and economic treatment processes, devoted to removing smaller amounts of pollutants. Even more important, the river ecosystem itself would greatly benefit from a much higher water quality from the time treated effluent disposal takes place to the point water abstraction is conducted. Such a change in water resources management policies would basically involve a cost and responsibility transfer from the currently intensive treatment processes applied for drinking water production to more advanced wastewater treatment processes than those currently applied. Implementing such an environmental strategy would inevitably bring about adaptations in water policy and major changes in the way technical and cost responsibilities are assigned for processing drinking water and wastewater.
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